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Description 

Background  of  the  Invention 

1  .  Field  of  the  Invention 

[0001]  The  present  invention  relates  to  papermaking, 
and,  more  particularly,  to  fabric  belts  used  in  papermak- 
ing.  Specifically,  the  present  fabric  belts  are  of  the  vari- 
ety  used  to  mold  fibers  into  a  three-dimensional  struc- 
ture,  and,  when  so  used,  reduce  non-uniform  fiber  dis- 
tribution,  pinholes  and  other  irregularities  frequently  ob- 
served  during  such  manufacturing  processes. 

2.  Description  of  the  Prior  Art 

[0002]  Cellulosic  fiber  structures,  such  as  newspaper, 
cardboard  boxes,  paper  towels,  facial  tissues  and  toilet 
tissues,  are  a  staple  of  contemporary  life.  The  large  de- 
mand  for  and  constant  use  of  such  consumer  products 
has  created  a  need  for  improved  versions  thereof,  and 
for  improvements  in  their  methods  of  manufacture.  Such 
cellulosic  fiber  structures  are  manufactured  by  deposit- 
ing  an  aqueous  slurry  from  a  headbox  onto  a  Fourdrinier 
wire  or  between  the  wires  on  a  twin  wire  paper  machine. 
In  either  case,  the  forming  wire  is  an  endless  fabric  belt 
through  which  initial  dewatering  occurs  and  on  which  fib- 
er  rearrangement  takes  place.  Frequently,  fiber  loss  oc- 
curs  when  fibers  flow  through  the  forming  wire  along 
with  the  liquid  carrier  from  the  headbox. 
[0003]  After  the  initial  formation  of  the  web,  which  lat- 
er  becomes  the  cellulosic  fiber  structure,  the  web  is 
transported  to  the  dry  end  of  the  machine.  In  the  wet 
end  of  a  conventional  machine,  a  press  felt  compacts 
the  web  into  a  single  region  cellulosic  fiber  structure  pri- 
or  to  final  drying.  The  final  drying  is  usually  accom- 
plished  by  a  heated  drum,  such  as  a  Yankee  drying 
drum. 
[0004]  In  an  improved  manufacturing  method,  which 
yields  corresponding  improvements  in  the  consumer 
products  being  manufactured,  through-air  drying  replac- 
es  conventional  press  felt  dewatering.  In  through-air 
drying,  as  in  press  felt  dewatering,  the  web  is  initially 
formed  on  a  forming  wire  which  receives  an  aqueous 
slurry  of  less  than  one  percent  consistency  (that  is,  the 
weight  percent  of  fibers  in  the  slurry  is  less  than  one 
percent)  from  a  headbox.  Initial  dewatering  takes  place 
on  the  forming  wire,  but  the  web  usually  does  not  attain 
a  consistency  greater  than  30  percent  on  the  wire.  From 
the  forming  wire,  the  web  is  transferred  to  an  air-pervi- 
ous  through-air-drying  belt. 
[0005]  Air  passes  through  the  web  and  through  the 
through-air  drying  belt  to  continue  the  dewatering  proc- 
ess.  The  air  is  driven  by  vacuum  transfer  slots,  other 
vacuum  boxes  or  shoes,  predryer  rolls,  and  other  com- 
ponents.  This  air  molds  the  web  to  the  topography  of  the 
through-air-drying  belt  and  increases  the  consistency  of 
the  web.  This  molding  creates  a  more  three-dimensional 

web,  but  also  causes  pinholes  when  the  fibers  in  the  web 
are  deflected  so  far  in  a  direction  perpendicular  to  the 
plane  of  the  through-air-drying  belt  that  a  breach  in  fiber 
continuity  occurs. 

5  [0006]  After  the  web  is  molded  on  the  through-air-dry- 
ing  belt,  it  is  transported  to  the  final  drying  stage,  where 
it  may  also  be  imprinted.  At  the  final  drying  stage,  the 
through-air-drying  belt  transfers  the  web  to  a  heated 
drum,  such  as  a  Yankee  drying  drum,  for  final  drying. 

10  During  this  transfer,  portions  of  the  web  may  be  densi- 
fied  in  a  specific  pattern  by  imprinting  to  yield  a  multi- 
region  structure.  Paper  products  having  such  multi-re- 
gion  structures  have  been  widely  accepted  by  consum- 
ers.  An  early  through-air-drying  belt,  which  created  a 

is  multi-region  structure  in  the  web  by  imprinting  the 
knuckle  pattern  of  its  woven  structure  thereon,  is  shown 
in  U.S.  Patent  No.  3,301,746. 
[0007]  A  subsequent  improvement  in  through-air-dry- 
ing  belts  was  the  inclusion  of  a  resinous  framework  on 

20  the  woven  structure  of  the  belt.  Through-air-drying  belts 
of  this  type  may  impart  continuous  or  discontinuous  pat- 
terns  in  any  desired  form,  rather  than  knuckle  patterns, 
onto  the  web  during  imprinting.  Through-air-drying  belts 
of  this  type  are  shown  in  U.S.  Patents  Nos.  4,514,345; 

25  4,528,239;  4,529,480;  and  4,637,859. 
[0008]  The  woven  structure  and  the  resinous  frame- 
work  of  through-air-drying  belts  of  this  type  provide  mu- 
tual  reinforcement  for  each  other.  The  woven  structure 
also  controls  the  deflection  of  the  papermaking  fibers 

30  which  results  from  vacuum  applied  to  the  backside  of 
the  belt  and  airflow  through  the  belt.  In  early  belts  of  this 
type,  the  woven  structure  was  of  a  single-layer  fine 
mesh,  typically  having  approximately  fifty  machine-di- 
rection  and  fifty  cross-machine-direction  yarns  per  inch. 

35  While  such  a  fine  mesh  was  acceptable  from  the  stand- 
point  of  controlling  fiber  deflection  into  the  belt,  it  could 
not  stand  up  to  the  environment  of  a  typical  papermak- 
ing  machine  for  several  reasons.  One  reason  was  that 
the  fine  mesh  was  so  flexible  that  destructive  folds  and 

40  creases  often  occurred.  In  addition,  the  fine  yarns  did 
not  provide  adequate  seam  strength,  and  would  often 
burn  at  the  high  temperatures  encountered  in  paper- 
making. 
[0009]  Through-air-drying  fabrics  for  the  most  part 

45  have  been  flat-woven,  and  subsequently  joined  into 
endless  form  with  a  woven  seam.  In  general,  there  is  a 
trade-off  in  flat-woven  fabrics  between  seam  strength 
and  stretch  resistance.  This  trade-off  is  controlled  by  the 
crimp  in  the  warp  yarns,  which  become  the  machine- 

so  direction  yarns  in  a  flat-woven  fabric.  In  through-air-dry- 
ing  belts,  which  have  a  high  open  area  (HOA),  the  trade- 
off  is  quite  sensitive.  In  other  words,  as  warp  crimp  is 
reduced  to  provide  a  fabric  with  more  stretch  resistance, 
seam  strength  will  suffer,  and  vice  versa.  The  balance 

55  between  seam  strength  and  stretch  resistance  is  even 
more  sensitive  in  an  HOA  fabric  than  in  a  more  densely 
woven  fabric,  because  there  are  relatively  fewer  warp 
yarns  per  unit  of  width  in  such  a  fabric. 
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[0010]  Another  problem,  particularly  encountered  in 
tissue  making,  is  the  formation  of  small  pinholes  in  the 
deflected  areas  of  the  web.  It  has  recently  been  learned 
that  pinholes  are  strongly  related  to  the  weave  configu- 
ration  of  the  woven  structure  in  a  through-air-drying  belt. 

[0011]  EP-0  224  276  discloses  a  forming  fabric  and  is 
concerned  with  minimisingthe  marking  of  the  paper  web 
to  be  formed  on  the  surface  of  the  forming  fabric.  The 
fabric  in  EP-0  224  276  comprises  an  upper  and  a  lower 
layer  of  transverse  threads  interwoven  with  longitudinal. 
There  are  twice  as  many  transverse  threads  in  the  upper 
layer  as  there  are  in  the  lower  layer.  Within  each  weave 
repeat,  each  longitudinal  thread  is  interwoven  two  times 
with  the  upper  layer  of  transverse  threads.  The  trans- 
verse  threads  of  the  upper  layer  and  the  longitudinal 
threads  form  crimps  which  define  the  paper-forming  sur- 
face  of  the  fabric. 
[0012]  The  transverse  threads  of  the  upper  layer  com- 
prise  first  transverse  threads  and  second  transverse 
threads  which  alternate  with  one  another.  The  first  trans- 
verse  threads  in  the  upper  layer  form  crimps  which  are 
supported  in  a  crimp  saddle  of  a  longitudinal  thread.  The 
second  transverse  threads  form  crimps  which  are  sup- 
ported  by  two  adjacent  longitudinal  threads  one  of  which 
ascends  from  the  fabric  interiortothe  paper-forming  sur- 
face  while  the  other  one  descends  from  the  paper-form- 
ing  surface  into  the  fabric  interior. 
[0013]  In  EP-0  223  276,  the  first  transverse  threads 
lie  transversely  straight  across  the  fabric,  while  the  sec- 
ond  transverse  threads  follow  wavy  paths  transversely 
across  the  fabric  and  are  not  parallel  to  the  first  trans- 
verse  threads.  The  second  transverse  threads  follow 
such  paths  because  the  crimps  formed  by  the  two  adja- 
cent  longitudinal  yarns  supporting  them  exert  a  torque 
on  the  second  transverse  threads  turning  them  out  of 
the  transverse  direction. 
[0014]  As  a  result  of  these  two  different  types  of  sup- 
port  of  the  transverse  threads,  the  transverse  thread 
floats  are  not  all  oriented  in  parallel,  and  there  exist  two 
types  of  transverse  thread  floats  extending  at  an  angle 
relative  to  each  other.  Contrary  to  the  invention,  this 
eliminates  the  uniformity  of  paper  marking  so  that  it  be- 
comes  indistinct  and  less  noticeable. 
[0015]  A  woven  structure  recently  used  for  through- 
air-drying  fabrics  is  a  dual  layer  design  having  vertically 
stacked  warps.  A  single  weft  yarn  system  ties  the  verti- 
cally  stacked  warps  together.  Generally,  the  convention- 
al  wisdom  has  been  to  use  relatively  large  diameter 
yarns  to  increase  fabric  life.  Fabric  life  is  important  not 
only  because  of  their  cost,  but  more  importantly  be- 
cause  of  the  expensive  downtime  incurred  when  a  worn 
fabric  must  be  removed  from  a  papermachine  and  a  new 
one  installed.  Larger  diameter  yarns,  while  being  more 
durable,  require  larger  holes  between  each  other  to  ac- 
commodate  the  weave.  The  larger  holes  permit  short 
fibers,  such  as  those  of  Eucalyptus,  to  be  pulled  through 
the  fabric  and  thereby  create  pinholes.  Products  made 

with  such  short  fibers  are  heavily  preferred  by  consum- 
ers  because  of  the  softness  the  short  fibers  impart  to  a 
cellulosic  fiber  structure. 
[0016]  This  problem  can  be  solved  by  weaving  more 

5  yarns  per  inch  into  the  pattern.  However,  this  approach 
reduces  the  open  area  available  for  air  flow.  If  yarns  of 
smaller  diameter  are  used  to  reopen  the  open  area,  the 
flexural  rigidity  and  integrity  of  the  woven  structure  of 
the  belt  are  compromised  and  the  fabric  life  is  thereby 

10  reduced.  Accordingly,  the  prior  art  also  required  a  trade- 
off  between  the  necessary  open  area  (for  airflow)  and 
fiber  diameter  (for  pinholing  and  belt  life). 
[0017]  One  attempt  to  achieve  both  good  fiber  sup- 
port,  and  the  flexural  rigidity  and  belt  integrity  necessary 

is  to  achieve  a  viable  belt  life,  was  to  use  a  combination  of 
large  and  small  machine-direction  (warp)  yarns.  The 
large  diameter  yarns  provide  the  fabric  with  durability, 
and  the  smaller  diameter  machine-direction  (warp) 
yarns  are  stacked  above  them  on  the  web-facing  layer 

20  for  fiber  support  and  pinhole  reduction.  An  additional 
smaller  diameter  machine-direction  (warp)  yarn  was 
placed  on  the  paper-supporting  side  of  the  fabric  be- 
tween  each  stacked  pair  of  machine-direction  (warp) 
yarns  for  added  fiber  support.  This  attempt  still  did  not 

25  satisfactorily  reduce  the  occurrence  of  pinholes  be- 
cause  the  woven  structure  lacked  planarity  in  that  the 
additional  machine-direction  yarns  were  not  supported 
from  below  by  another  yarn  and  tended  to  sag.  The  sag- 
ging  leads  to  an  increase  in  pinholing  in  the  paper  prod- 

so  uct  being  manufactured.  In  addition,  the  cross-machine- 
direction  (weft)  yarns  which  tied  the  two  layers  together 
went  from  the  top  of  the  paper-supporting  layer  to  the 
bottom  of  the  machine-contacting  layer.  This  caused  a 
further  deviation  from  planarity  which  also  contributed 

35  to  increased  pinholing. 
[0018]  The  solution  to  these  problems  is  one  which 
recognizes  that  pinholing  in  a  through-air-drying  belt 
and  fiber  loss  in  a  forming  wire  are  related  to  the  yarns 
that  support  the  fibers,  rather  than  to  the  open  spaces 

40  between  the  yarns.  The  web-facing  yarns  must  remain 
close  to  the  top  plane  of  the  paper-supporting  layer  to 
provide  adequate  fiber  support.  In  addition,  the  weave 
pattern  must  accommodate  large  diameter  yarns  in  or- 
der  to  provide  adequate  fabric  life. 

45  [001  9]  Accordingly,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  forming  wire  and  a  through-air-drying 
fabric  which  reduce  non-uniform  fiber  distribution  and 
pinholes  in  the  product  being  manufactured.  It  is  also  an 
object  of  the  present  invention  to  provide  a  forming  wire 

so  and  a  through-air-drying  fabric  in  which  the  trade-off  be- 
tween  seam  strength  and  stretch  resistance  is  bal- 
anced. 

Summary  of  the  Invention 
55 

[0020]  The  present  invention  is  a  triple-layer  paper- 
making  fabric  which  has  a  structure  which  provides  the 
planarity  required  to  minimize  non-uniform  fiber  distri- 
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bution  and  the  occurrence  of  pinholes  while  providing 
high  permeability  at  the  same  time  as  balancing  the 
trade-off  between  seam  strength  and  stretch  resistance. 
[0021]  In  its  broadest  form,  the  triple-layer  papermak- 
ing  fabric  comprises  a  system  of  top  weft  yarns  and  a 
system  of  bottom  weft  yarns  interwoven  with  a  system 
of  warp  yarns.  The  latter  comprises  paired  and  prefera- 
bly  stacked  first  and  second  warp  yarns,  each  of  which 
has  its  own  function.  Together,  however,  the  first  and 
second  warp  yarns  provide  the  top,  paper-supporting 
surface  of  the  fabric  with  the  appearance  and  character 
of  a  single-layer  fabric  woven  in  a  preferably  plain- 
weave  pattern. 
[0022]  The  first  warp  yarn  in  each  such  pair  inter- 
weaves  with  the  top  weft  yarns  in  a  repeating  pattern, 
preferably  a  plain-weave  pattern,  and  occasionally 
weaves  with  a  bottom  weft  yarn  to  bind  the  top  and  bot- 
tom  weft  yarn  layers  together.  The  occasional  inter- 
weaving  of  the  first  warp  yarn  with  the  bottom  weft  yarn 
also  provides  the  first  warp  yarn  with  an  exaggerated 
crimp  which  improves  the  woven-seam  strength  of  the 
triple-layer  papermaking  fabric. 
[0023]  The  second  warp  yarn  in  each  said  pair  inter- 
weaves  only  with  the  top  weft  yarns,  and  is  otherwise 
disposed  between  the  top  and  bottom  weft  yarn  layers, 
preferably  stacked  below  the  first  warp  yarn  with  which 
it  is  paired.  That  is  to  say,  more  specifically,  the  second 
warp  yarn  never  weaves  below  a  bottom  weft  yarn.  Fur- 
ther,  the  second  warp  yarn  in  each  pair  weaves  over  only 
those  top  weft  yarns  skipped  by  the  first  warp  yarn  when 
it  weaves  down  to  bind  a  bottom  weft  yarn.  This  main- 
tains  the  uniformity  of  the  weave  pattern,  preferably  a 
plain-weave  pattern,  of  the  top  surface  of  the  fabric.  In 
addition,  the  second  warp  yarn  in  each  pair  has  relative- 
ly  little  crimp.  This  improves  the  stretch  resistance  of  the 
fabric. 
[0024]  The  plain-weave  character  of  the  top  surface 
of  the  present  triple-layer  papermaking  fabric  provides 
it  with  the  planarity  required  to  minimize  the  occurrence 
of  non-uniform  fiber  distributions  and  of  pinholes.  The 
top  surface  is  formed  by  the  interweaving  of  the  first  and 
second  warp  yarns  and  the  top  weft  yarns,  and  compris- 
es  knuckles  formed  when  the  yarns  wrap  over  one  an- 
other.  The  knuckles  define  a  paper-supporting  top  sur- 
face.  The  planarity  may  be  quantified  in  the  following 
terms:  each  yarn  on  the  top  surface  has  a  top  dead  cent- 
er  longitude,  which  remains  within  1  .5  yarn  diameters  of 
the  plane  defined  by  the  knuckles,  and  preferably  within 
1  .0  yarn  diameters  of  that  plane.  The  fabric  has  a  thick- 
ness  at  least  2.5  times  as  great  as  the  yarn  diameter. 
[0025]  The  present  invention  will  now  be  described  in 
more  complete  detail  with  frequent  reference  being 
made  to  the  figures  to  be  identified  as  follows. 

Brief  Description  of  the  Drawings 

[0026]  Figure  1  is  a  top  plan  view  showing  the  paper 
side  of  a  fabric  according  to  the  present  invention. 

[0027]  Figure  2  is  a  cross-sectional  view  of  the  fabric 
taken  in  the  cross-machine  direction  as  indicated  by  line 
2-2  in  Figure  1  . 
[0028]  Figure  3  is  a  cross-sectional  view  of  the  fabric 

5  taken  in  the  machine  direction  as  indicated  by  line  3-3 
in  Figure  1  . 
[0029]  Figure  4  is  a  cross-sectional  view  of  the  fabric 
also  taken  in  the  machine  direction  as  indicated  by  line 
4-4  in  Figure  1  . 

10 
Detailed  Description  of  the  Preferred  Embodiment 

[0030]  Turningfirsttothefiguresidentifiedabove,  Fig- 
ure  1  is  a  top  plan  view  showing  the  paper  side  of  the 

is  fabric  10  of  the  present  invention.  As  viewed  in  Figure 
1  ,  the  paper  side  of  fabric  1  0  has  the  appearance  of  a 
single  layer  fabric  woven  in  a  plain  weave.  The  paper 
side  is  formed  by  interwoven  warp  and  weft  yarns  of  the 
fabric  10.  The  warp  yarns  lie  in  the  machine  direction, 

20  and  the  weft  yarns  lie  in  the  cross-machine  direction. 
The  fabric  10  is  flat-woven,  and  subsequently  seamed 
into  endless  form  with  a  woven  seam,  although  it  may 
be  woven  endless.  In  the  latter  case,  the  orientations  of 
the  warp  and  weft  yarns  with  respect  to  the  directions 

25  on  the  papermachine  would  be  the  reverse  of  that  stated 
above  for  a  flat-woven  fabric. 
[0031]  The  weave  pattern  for  fabric  10,  however,  has 
been  specifically  devised  for  the  case  where  the  fabric 
10  is  to  be  flat-woven,  and  later  seamed  into  endless 

30  form  with  a  woven  seam.  With  reference  to  Figure  3, 
which  is  a  cross-sectional  view  of  the  fabric  1  0  taken  in 
the  machine  direction  as  indicated  by  line  3-3  in  Figure 
1  ,  the  fabric  1  0  may  be  observed  to  comprise  two  layers 
of  weft  yarns.  The  top  weft  yarns  1  2  are  disposed  on  the 

35  paper  side  of  fabric  10,  while  the  bottom  weft  yarns  14, 
not  shown  in  Figure  1  ,  are  disposed  on  the  wear  side  of 
fabric  10.  Weft  yarns  12,14  may  be  provided  in  a  2:1 
ratio,  there  being  two  weft  yarns  12  in  the  top  layer  for 
every  weft  yarn  14  in  the  bottom  layer.  Alternate  weft 

40  yarns  12  may  be  in  a  vertically  stacked  relationship  with 
weft  yarns  14.  In  addition,  as  suggested  by  the  relative 
diameters  of  weft  yarns  12,14  shown  in  Figure  3,  as  well 
as  in  Figures  2  and  4,  weft  yarns  14  may  be  of  larger 
diameter  than  weft  yarns  1  2  to  enhance  the  durability  of 

45  fabric  10. 
[0032]  The  top  weft  yarns  12  and  bottom  weft  yarns 
1  4  are  interwoven  by  a  system  of  warp  yarns  comprising 
paired  and  preferably  stacked  first  and  second  warp 
yarns.  The  first  warp  yarn  16  interweaves  with  the  top 

so  weft  yarns  12  and  with  the  bottom  weft  yarns  14  in  a 
repeating  pattern  such  that  it  weaves  alternately  over 
and  under  six  consecutive  top  weft  yarns  12  in  a  plain- 
weave  pattern,  then  weaves  under  the  next  bottom  weft 
yarn  1  4,  and  then  weaves  up  over  the  next  top  weft  yarn 

55  12  to  repeat  the  pattern.  This  repeating  pattern  is  illus- 
trated  in  both  Figures  3  and  4,  the  latter  of  which  is  a 
cross-sectional  view  of  the  fabric  10  taken  in  the  ma- 
chine  direction  as  indicated  by  line  4-4  in  Figure  1  .  It  will 

4 
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be  noted  in  both  Figures  3  and  4  that,  because  first  warp 
yarn  16  weaves  over  the  alternate  top  weft  yarns  12 
which  are  not  stacked  above  bottom  weft  yarns  14,  an 
exaggerated  crimp  20  is  placed  upon  first  warp  yarn  16 
when  it  weaves  up  from  under  a  bottom  weft  yarn  1  4 
and  over  the  next  top  weft  yarn  12.  In  other  words,  the 
interweaving  of  first  warp  yarn  1  6  with  bottom  weft  yarn 
1  4  to  join  the  two  layers  of  weft  yarns  12,14  together  is 
non-symmetric  in  that  the  upward  crimp  is  steeper  than 
the  downward  crimp.  The  resulting  exaggerated  crimp 
20  is  responsible  for  the  increased  seam  strength  in  the 
fabrics  10  of  the  present  invention. 
[0033]  A  second  warp  yarn  18  interweaves  only  with 
the  top  weft  yarns  12.  Second  warp  yarns  18  are  pro- 
vided  in  pairs  with  the  first  warp  yarns  16  and  weave 
over  those  alternate  top  weft  yarns  12  which  the  first 
warp  yarn  16  does  not  weave  over  on  the  occasions 
when  it  is  weaving  underneath  a  bottom  weft  yarn  14. 
Second  warp  yarns  18,  then,  weave  over  a  top  weft  yarn 
1  2,  and  then  under  the  next  seven  consecutive  top  weft 
yarns  12  in  a  repeating  pattern,  without  ever  weaving 
below  a  bottom  weft  yarn  1  4.  As  a  consequence,  second 
warp  yarns  1  8  never  pass  to  the  wear  side  of  the  fabric 
10  even  though  they  are  stacked  below  the  first  warp 
yarns  1  6  for  up  to  75%  of  their  lengths.  Most  importantly, 
second  warp  yarn  18  weaves  over  top  weft  yarn  12  at 
points  where  first  warp  yarn  1  6  is  weaving  under  bottom 
weft  yarn  14  to  maintain  the  plain-weave  character  of 
the  paper  side  of  fabric  1  0  and  the  planarity  required  to 
reduce  or  eliminate  the  presence  of  pinholes.  Further, 
second  warp  yarn  1  8,  having  a  minimal  amount  of  crimp 
by  virtue  of  its  running  for  approximately  88%  of  its 
length  straight  between  the  top  weft  yarns  12  and  the 
bottom  weft  yarns  14,  is  responsible  for  the  increased 
stretch  resistance  in  the  fabric  10  of  the  present  inven- 
tion. 
[0034]  It  will  be  noted  that,  for  the  purposes  of  illus- 
tration,  second  warp  yarns  18  have  been  shaded  in  Fig- 
ures  3  and  4.  Referring  back  to  Figure  1  ,  atop  plan  view 
of  the  paper  side  of  fabric  10,  the  knuckles  produced 
there  by  second  warp  yarns  18  have  been  similarly 
shaded.  Viewing  along  any  given  warp  contour,  every 
fourth  knuckle  is  produced  by  a  second  warp  yarn  18. 
The  plain-weave  character  of  the  paper  side  of  the  fabric 
10  is  readily  apparent  in  the  figure. 
[0035]  Figure  2  is  a  cross-sectional  view  of  the  fabric 
10  taken  in  the  cross-machine  direction  as  indicated  by 
line  2-2  in  Figure  1  .  It  may  be  observed  that  the  first  warp 
yarn  16  and  the  second  warp  yarn  18  in  each  pair  are 
in  a  vertically  stacked  relationship,  which  is  their  pre- 
ferred,  but  not  required,  relationship  with  respect  to  each 
other.  The  second  warp  yarns  18  are  represented  as 
black  dots  solely  for  the  purposes  of  illustration.  It  may 
be  seen  that  second  warp  yarns  18  maintain  the  plain- 
weave  character,  or  planarity,  of  the  paper  side  of  fabric 
10  at  those  points  where  first  warp  yarn  16  weaves  un- 
der  bottom  weft  yarn  14. 
[0036]  Referring  back  to  Figure  1,  along  any  given 

warp  contour  the  knuckles  formed  by  second  warp  yarns 
18  may  be  displaced  slightly  weft-wise,  or  in  a  cross- 
machine  direction,  from  exact  alignment  with  those 
formed  by  first  warp  yarns  16.  This  may  occur  because 

5  first  warp  yarn  16  and  second  warp  yarn  18  must  pass 
by  one  another  from  their  usual  stacked  relationship 
when  first  warp  yarn  16  weaves  down  to  bottom  weft 
yarn  14.  As  shown  in  Figure  1,  the  knuckles  formed  by 
second  warp  yarns  1  8  are  displaced  slightly  to  the  right 

10  from  exact  alignment  with  those  formed  by  the  first  warp 
yarns  16  with  which  they  are  paired.  The  displacement 
may  also  be  to  the  left,  or  it  may  alternate  between  left 
and  right.  The  placement  of  the  knuckles  formed  by  sec- 
ond  warp  yarns  1  8  relative  to  those  formed  by  first  warp 

is  yarns  16  may  be  varied  by  weave  timing  or  thread-in 
practices  obvious  and  well-known  to  those  of  ordinary 
skill  in  the  art. 
[0037]  Fabric  10  of  the  present  invention,  as  previous- 
ly  implied,  is  preferably  flat-woven,  and  subsequently 

20  seamed  into  endless  form,  so  that  the  first  warp  yarns 
and  second  warp  yarns  may  provide  fabric  1  0  with  the 
enhanced  seam  strength  and  stretch  resistance  provid- 
ed  by  those  respective  yarns.  The  fabric  1  0  may  receive 
cellulosic  fibers  discharged  from  a  headbox  or  carry  a 

25  web  of  cellulosic  fibers  to  a  drying  apparatus,  typically 
a  heated  drum,  such  as  a  Yankee  drying  drum.  Thus, 
the  fabric  may  either  be  executed  as  a  forming  wire,  a 
press  felt,  or  as  a  through-air-drying  belt  to  which  a  res- 
inous  imprinting  layer  may  be  added. 

30  [0038]  The  paper  side  of  fabric  10  is  woven  so  that 
the  top  dead  center  longitude  TDC  of  each  yarn 
12,16,18  does  not  extend  more  than  1  .5  yarn  diameters, 
and  preferably  not  more  than  1  .0  yarn  diameters,  below 
the  surface  at  any  position,  and  remains  within  1  .5  yarn 

35  diameters,  and  preferably  1  .0  yarn  diameter,  of  the  sur- 
face  at  all  positions,  except  where  first  warp  yarn  16 
weaves  beneath  bottom  weft  yarn  1  4.  The  yarn  diameter 
in  question  is  based  on  the  diameters  of  the  yarns 
12,16,18.  If  yarns  12,16,18  having  different  diameters 

40  are  utilized,  the  yarn  diameter  is  the  diameter  of  the  larg- 
est  yarn  among  yarns  12,16,18.  If  yarns  12,16,18  having 
a  non-round  cross  section  are  used,  the  yarn  diameter 
is  considered  to  be  the  maximum  dimension  through 
such  yarn  12,16,18  taken  perpendicular  to  the  plane  of 

45  the  fabric  10.  The  top  dead  center  longitude  TDC  of  a 
yarn  is  that  line  parallel  to  the  longitudinal  axis  of  the 
yarn  and  disposed  on  the  surface  thereof  at  a  position 
closest  to  the  paper  side  of  the  fabric  1  0.  The  discussion 
in  this  paragraph  sets  forth  the  manner  in  which  the 

so  planarity  of  fabric  10  may  be  quantified. 
[0039]  The  fabric  10  according  to  the  present  inven- 
tion  has  a  thickness  at  least  2.5  times  as  great  as  one 
yarn  diameter,  as  defined  above,  and  more  preferably 
at  lest  3.0  times  as  great  as  one  yarn  diameter.  Such  a 

55  thickness  is  important  in  providing  sufficient  belt  rigidity 
so  that  belt  life  is  not  unduly  compromised. 
[0040]  The  thickness  of  the  fabric  10  is  measured  at 
38°C  to  42°C  (70°F  to  75°F)  using  an  Emveco  Model 
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21  OA  digital  micrometer  made  by  the  Emveco  Company 
of  Newburg,  Oregon,  or  a  similar  apparatus,  using  a 
20,7  kPa  (3.0  pounds  per  square  inch)  loading  applied 
through  a  round  2,22  cm  (0.875  inch)  diameter  foot.  The 
fabric  1  0  may  be  loaded  up  to  a  maximum  of  3,6  kg  per 
linear  centimetres  (20  pounds  per  linear  inch)  in  the  ma- 
chine  direction  while  tested  for  thickness.  The  fabric  1  0 
must  be  maintained  at  28°C  to  56°C  (50°F  to  100°F) 
during  testing. 
[0041]  The  fabric  10  of  the  present  invention  must  al- 
low  sufficient  air  flow  perpendicular  to  the  plane  thereof. 
The  fabric  10  has  an  air  permeability  of  from  60,6  m3/ 
min/m2  (200  standard  cubic  feet  per  minute  per  square 
foot)  to  457  m3/min/m2  (1  ,500  standard  cubic  feet  per 
minute  per  square  foot).  The  air  permeability  of  the  fab- 
ric  10  is  measured  under  a  tension  of  2,7  kg  per  linear 
centimetre  (15  pounds  per  linear  inch)  using  a  Frazier 
Permeability  Tester  at  a  differential  pressure  of  13  mm 
H20  (0.5  inches  H20).  If  any  portion  of  the  fabric  10 
meets  the  aforementioned  air  permeability  limitations, 
the  entire  fabric  is  considered  to  meet  these  limitations. 
[0042]  As  implied  above,  yarns  having  non-round 
cross  sections  may  be  used  to  weave  the  fabric  10  of 
the  present  invention.  In  addition,  the  bottom  weft  yarn 
1  4  may  be  of  larger  diameter  than  the  top  weft  yarn  1  2. 
First  warp  yarn  16  and  second  warp  yarn  18  may  be  of 
non-round  cross  section,  but,  in  any  event,  would  pref- 
erably  have  the  same  diameter.  First  warp  yarn  16  and 
second  warp  yarn  18  do  not  necessarily  have  to  have 
the  same  diameter  as  top  weft  yarn  12,  although  it  may 
be  preferred  that  they  have  the  same  diameter. 
[0043]  Where  the  fabric  1  0  is  to  be  used  as  a  through- 
air-drying  belt,  perhaps  including  a  resinous  imprinting 
layer,  it  is  preferred  that  the  yarns  be  of  polyester  having 
hydrolysis-resistant  additives.  On  the  other  hand,  where 
the  fabric  10  is  to  be  used  in  a  purely  forming  application, 
polyamide  yarns  may  be  used  in  the  weaving  thereof, 
particularly  as  the  bottom  weft  yarns  14  to  obtain  the 
benefit  of  polyamide's  resistance  to  wear  and  abrasion. 
In  general,  fabric  10  may  be  woven  from  yarns  extruded 
from  any  synthetic  resin  extrudable  in  monofilament 
form,  the  specific  resin  to  be  used  being  governed  by 
the  application  or  end  use  of  the  fabric  10. 
[0044]  In  the  preceding  discussion,  and  as  illustrated 
in  Figures  1  through  4,  it  has  been  assumed  the  top  weft 
yarns  12,  bottom  weft  yarns  14,  first  warp  yarns  16  and 
second  warp  yarns  1  8  are  monofilament  yarns.  Howev- 
er,  multifilament  and  plied  monofilament  yarns  may  be 
used  as  weft  yarns,  particularly  as  top  weft  yarns  12 
where  they  could  enhance  the  planarity  of  the  paper  side 
of  the  fabric  10. 
[0045]  While  the  weave  pattern  shown  in  Figures  1 
through  4  is  preferred  in  the  production  of  fabric  10  be- 
cause  its  plain-weave  character  provides  the  high  level 
of  surface  planarity  required  to  minimize  the  occurrence 
of  pinholes  and  because  of  the  balance  it  achieves  in 
the  trade-off  between  seam  strength  and  stretch  resist- 
ance,  one  skilled  in  the  art  might  vary  the  weave  pattern 

without  departing  from  the  scope  of  the  appended 
claims  by  weaving  a  fabric  having  top  and  bottom  weft 
yarns  interwoven  by  a  first  warp  yarn,  which  ties  the  weft 
yarns  together,  and  including  a  second  warp  yarn  asso- 

5  ciated  therewith  which  does  not  bind  with  the  bottom 
weft  yarns,  but  weaves  with  the  top  weft  yarns  at  such 
points  where  the  first  warp  yarn  associated  in  a  prefer- 
ably  stacked  pair  therewith  weaves  with  a  bottom  weft 
yarn. 

10 
Example 

[0046]  A  fabric  10  woven  according  to  the  pattern 
shown  in  Figures  1  to  4  is  flat-woven  with  354  warp 

is  strands  per  decimetre  (90  warp  strands  per  inch),  of 
which  177  per  decimetre  (45  per  inch)  are  first  warp 
yarns  1  6  and  1  77  per  decimetre  (45  per  inch)  are  second 
warp  yarns  1  8  in  stacked  pairs  therewith.  There  are  236 
to  315  warp  yarns  18  per  decimetre  (60  to  80  weft 

20  strands  per  inch)  two  thirds  of  which  are  top  weft  yarns 
1  2  and  one  third  of  which  are  bottom  weft  yarns  1  4.  Weft 
yarns  12,14  are  in  a  2:1  ratio,  alternate  top  weft  yarns 
1  2  being  vertically  stacked  above  bottom  weft  yarns  1  4. 
[0047]  The  fabric  10  is  subsequently  seamed  into 

25  endless  form,  the  warp  yarns  thereby  becoming  longi- 
tudinal,  or  machine-direction,  yarns,  and  the  weft  yarns 
becoming  transverse,  or  cross-machine  direction, 
yarns. 
[0048]  The  first  warp  yarns  1  6  and  second  warp  yarns 

30  1  8  are  polyester  monofilaments  of  a  round  cross  section 
having  a  0.15  mm  diameter.  The  top  weft  yarns  12  and 
bottom  weft  yarns  14  are  polyester  monofilaments  of 
round  cross  sections  having  0.15  mm  and  0.20  mm  di- 
ameters,  respectively.  Where  fabric  1  0  has  been  woven 

35  with  283  weft  strands  per  decimetre  (72  weft  strands  per 
inch),  it  has  an  open  area  of  52.6%. 
[0049]  The  air  permeability  of  the  fabric  1  0  is  from  327 
to  358  m3/min/m2  (1075  to  1175  cubic  feet  per  square 
foot  per  minute)  at  1  3  mm  H20  (0.5  inches  H20)  meas- 

40  ured  by  a  Frazier  Permeability  Tester  under  a  tension  of 
2,7  kg/cm2  (15  pounds  per  linear  inch).  The  caliper,  or 
thickness,  of  the  fabric  10  is  from  0,629  to  0,671  mm 
(0.0248  to  0.0264  inches)  when  measured  with  an  Em- 
veco  Model  21  OA  digital  micrometer  under  the  condi- 

45  tions  described  above. 

Claims 

so  1.  A  triple-layer  papermaking  fabric  (10),  comprising: 

a  system  of  top  weft  yarns  (12)  and  a  system 
of  bottom  weft  yarns  (14);  and 
a  system  of  warp  yarns  (16,  18)  having  pairs  of 

55  first  and  second  warp  yarns,  said  first  warp 
yarns  (16)  interweaving  with  said  top  weft  yarns 
(12)  and  occasionally  binding  said  bottom  weft 
yarns  (14)  to  said  top  weft  yarns  in  a  repeating 
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pattern,  and  said  second  warp  yarns  (18)  inter- 
weaving  with  said  top  weft  yarns  (12)  by  run- 
ning  between  said  top  weft  yarns  (12)  and  said 
bottom  weft  yarns  (14)  and  by  binding  with  said 
top  weft  yarns  (1  2)  at  points  where  their  paired  s 
first  warp  yarns  (16)  weave  with  said  bottom 
weft  yarns  (14),  said  second  warp  yarns  (18) 
not  interweaving  with  said  bottom  weft  yarns 
(14),  wherein  said  top  weft  yarns  (1  2),  and  said 
first  and  second  warp  yarns  (1  6,  1  8)  form  a  top  10 
surface  of  said  triple-layer  papermaking  fabric 
(10), 

characterised  in  that  said  first  warp  yarn  (16)  in 
each  of  said  pairs  of  first  and  second  warp  yarns  15 
(16,  1  8)  is  vertically  stacked  over  its  respective  sec- 
ond  warp  yarn  (18)  except  at  points  where  said  sec- 
ond  warp  yarn  (18)  binds  with  a  top  weft  yarn  (12). 

2.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in  20 
claim  1  ,  wherein  there  are  two  yarns  in  said  system 
of  top  weft  yarns  (12)  for  every  one  yarn  in  said  sys- 
tem  of  bottom  weft  yarns  (14),  and  wherein  alter- 
nate  yarns  in  said  system  of  top  weft  yarns  (1  2)  are 
in  a  vertically  stacked  relationship  with  said  yarns  25 
in  said  system  of  bottom  weft  yarns  (14). 

3.  A  triple-layer  papermaking  fabric  (1  0)  as  claimed  in 
claim  2,  wherein  said  first  warp  yarns  (16)  inter- 
weave  with  said  top  weft  yarns  (1  2)  in  a  plain-weave  30 
pattern,  and  wherein  said  second  warp  yarns  (18) 
associated  therewith  interweave  with  said  top  weft 
yarns  (12)  in  a  plain-weave  pattern  at  points  where 
said  first  warp  yarns  (16)  interweave  with  said  bot- 
tom  weft  yarns  (14).  35 

4.  A  triple-layer  papermaking  fabric  (1  0)  as  claimed  in 
claim  2,  wherein  said  first  warp  yarns  (16)  weave 
over  and  under  six  consecutive  top  weft  yarns  (1  2), 
then  weave  under  the  next  bottom  weft  yarn  (1  4)  in  40 
a  repeating  pattern  and  then  weave  over  the  next 
top  weft  yarn  (1  2)  to  repeat  said  pattern,  and  where- 
in  said  second  warp  yarns  (18)  weave  under  seven 
consecutive  top  weft  yarns  (12)  and  over  the  next 
top  weft  yarn  (12)  in  a  repeating  pattern,  said  sec-  45 
ond  warp  yarns  (18)  weaving  over  top  weft  yarns 
(12)  skipped  by  said  first  warp  yarns  (1  6)  when  said 
first  warp  yarns  (16)  weave  with  a  bottom  weft  yarn 
(14). 

50 
5.  A  triple-layer  papermaking  fabric  (1  0)  as  claimed  in 

claim  4,  wherein  said  first  warp  yarns  (16)  weave 
under  top  weft  yarns  (12)  vertically  stacked  over 
said  bottom  weft  yarns  (14),  and  over  alternate  top 
weft  yarns  (1  2)  not  stacked  over  bottom  weft  yarns  55 
(14),  and  wherein  said  second  warp  yarns  (18) 
weave  over  alternate  top  weft  yarns  (12)  not 
stacked  over  bottom  weft  yarns  (14). 

6.  A  triple-layer  papermaking  fabric  (1  0)  as  claimed  in 
claim  1,  wherein  said  bottom  weft  yarns  (14)  have 
a  greater  diameter  than  said  top  weft  yarns  (12). 

7.  A  triple-layer  papermaking  fabric  (1  0)  as  claimed  in 
claim  1,  wherein  said  first  and  second  warp  yarns 
(16,  18)  have  the  same  diameter. 

8.  A  triple-layer  papermaking  fabric  (1  0)  as  claimed  in 
claim  1,  wherein  said  first  and  second  warp  yarns 
(16,  18)  have  a  non-round  cross  section. 

9.  A  triple-layer  papermaking  fabric  (1  0)  as  claimed  in 
claim  1,  wherein  said  bottom  weft  yarns  (14)  have 
a  non-round  cross-section. 

10.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1,  wherein  said  top  weft  yarns  (12)  have  a 
non-round  cross  section. 

11.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1,  wherein  said  first  and  second  warp  yarns 
(1  6,  1  8)  and  said  top  weft  yarns  (1  2)  have  the  same 
diameter. 

12.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  ,  wherein  said  top  weft  yarns  (12),  said  bot- 
tom  weft  yarns  (14),  said  first  warp  yarns  (16)  and 
said  second  warp  yarns  (18)  are  monofilament 
yarns. 

13.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  wherein  said  top  weft  yarns  (12)  are  plied 
monofilament  yarns. 

14.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  wherein  said  bottom  weft  yarns  (14)  are 
plied  monofilament  yarns. 

15.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  wherein  said  top  weft  yarns  (12)  are  multi- 
filament  yarns. 

16.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  wherein  said  bottom  weft  yarns  (14)  are  mul- 
tifilament  yarns. 

17.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  wherein  said  top  weft  yarns  (12),  said  bot- 
tom  weft  yarns  (14),  said  first  warp  yarns  (16)  and 
said  second  warp  yarns  (18)  are  hydrolysis-resist- 
ant  polyester  yarns. 

18.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  wherein  said  top  weft  yarns  (12),  said  bot- 
tom  weft  yarns  (14),  said  first  warp  yarns  (16)  and 
said  second  warp  yarns  (18)  are  polyamide  yarns. 
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19.  A  triple-layer  papermaking  fabric  (10)  as  claimed  in 
claim  1  wherein  said  bottom  weft  yarns  (14)  are 
polyamide  yarns. 

sind. 

Patentanspriiche 

1. 

2. 

3. 

Dreilagiges  Papierherstellungs-Gewebe  (10), 
fassend: 

ein  System  an  oberen  SchuBfaden  (12)  und  ein 
System  an  GrundschuBfaden  (14);  und 

ein  System  an  Kettfaden  (16,  18)  mit  Paaren 
von  ersten  und  zweiten  Kettfaden,  wobei  die  er- 
sten  Kettfaden  (16)  mit  den  oberen  SchuBfa- 
den  (12)  verwebt  sind  und  gelegentlich  in  ei- 
nem  sich  wiederholenden  Muster  die  Grund- 
schuBfaden  (14)  an  die  oberen  SchuBfaden 
(12)  binden,  und  wobei  sich  die  zweiten  Kettfa- 
den  (18)  verweben  mit  den  oberen  SchuBfaden 
(12)  durch  Verlaufen  zwischen  den  oberen 
SchuBfaden  (12)  und  den  GrundschuBfaden 
(14)  und  durch  Verbinden  mit  den  oberen 
SchuBfaden  (12)  an  Punkten,  an  denen  ihre  in 
den  jeweiligen  Paaren  zugehorigen  ersten 
Kettfaden  (16)  sich  mit  den  GrundschuBfaden 
(14)  verweben,  und  sich  die  zweiten  Kettfaden 
(18)  nicht  mit  den  GrundschuBfaden  (14)  ver- 
weben,  und  wobei  die  oberen  SchuBfaden  (12) 
und  die  ersten  und  zweiten  Kettfaden  (16,  18) 
eine  obere  Flache  des  dreilagigen  Papierher- 
stellungs-Gewebes  (10)  formen,  dadurch  ge- 
kennzeichnet,  daB  in  jedem  der  besagten 
Paare  aus  ersten  und  zweiten  Kettfaden  (16, 
18)  der  erste  Kettfaden  (16)  vertikal  geschich- 
tet  angeordnet  ist  oberhalb  seines  jeweiligen 
zweiten  Kettfadens  (18)  ausgenommen  an 
Punkten,  an  denen  der  zweite  Kettfaden  (18) 
einen  oberen  SchuBfaden  (12)  bindet. 

Dreilagiges  Papierherstellungs-Gewebe  (10)  ge- 
maB  Anspruch  1  ,  bei  dem  es  in  dem  System  von 
oberen  SchuBfaden  (12)fiirjeden  Faden  in  dem  Sy- 
stem  an  GrundschuBfaden  (14)  zwei  Faden  gibt, 
und  wobei  abwechselnde  Faden  in  dem  System  an 
oberen  SchuBfaden  (12)  in  einem  vertikal  iiberein- 
andergeschichteten  Verhaltnis  mit  den  Faden  in 
dem  System  an  GrundschuBfaden  (14)  sind. 

Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  2,  wobei  sich  die  ersten  Kettfaden  (16) 
mit  den  oberen  SchuBfaden  (12)  in  einem  Flach- 
webmuster  verweben,  und  wobei  die  diesen  zuge- 
ordneten  zweiten  Kettfaden  (18)  sich  mit  den  obe- 
ren  SchuBfaden  (12)  an  Punkten  in  einem  Flach- 
web-Muster  verweben,  an  denen  die  ersten  Kettfa- 
den  (16)  mit  den  GrundschuBfaden  (14)  verwebt 

4.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  2,  in  welchem  sich  die  ersten  Kettfaden 

5  (16)  iiber  und  unter  sechs  aufeinanderfolgende 
obere  SchuBfaden  (12)  schlingen,  dann  sich  in  ei- 
nem  wiederholenden  Muster  unter  den  nachsten 

urn-  GrundschuBfaden  (14)  schlingen  und  zum  Wieder- 
holen  des  Musters  danach  iiber  den  nachsten  obe- 

10  ren  SchuBfaden  (12)  schlingen,  und  in  dem  die 
d  ein  zweiten  Kettfaden  (18)  sich  unter  sieben  aufeinan- 

derfolgende  obere  SchuBfaden  (12)  und  iiber  den 
nachsten  oberen  SchuBfaden  (12)  in  einem  sich 

aren  wiederholenden  Muster  schlingen,  wobei  die  zwei- 
eer-  is  ten  Kettfaden  (18)  iiber  obere  SchuBfaden  (12)  ge- 
Bfa-  webt  sind,  die  von  den  ersten  Kettfaden  (16)  aus- 
i  ei-  gelassen  sind,  sofern  diese  ersten  Kettfaden  (16) 
jnd-  dort  mit  einem  GrundschuBfaden  (14)  verwebt  sind. 
iden 
ittfa-  20  5.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
iden  Anspruch  4,  in  welchem  sich  die  ersten  Kettfaden 
3ren  (1  6)  unter  obere  SchuBfaden  (12)  weben,  die  verti- 
iden  kal  geschichtet  sind  iiber  die  besagten  Grund- 
3ren  SchuBfaden  (14),  und  auch  iiber  abwechselnde 
rein  25  obere  SchuBfaden  (12)  weben,  die  nicht  iiber 
sten  GrundschuBfaden  (1  4)  geschichtet  sind,  und  in  wel- 
iden  chem  die  zweiten  Kettfaden  (1  8)  sich  iiber  abwech- 
iden  selnde  obere  SchuBfaden  (12)  schlingen,  die  nicht 
ver-  iiber  GrundschuBfaden  (14)  geschichtet  sind. 

30 

35 

6.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1  ,  in  welchem  die  GrundschuBfaden  (14) 
einen  groBeren  Durchmesser  haben  als  die  oberen 
SchuBfaden  (12). 

7.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1,  in  welchem  die  ersten  und  zweiten 
Kettfaden  (16,  18)  denselben  Durchmesser  haben. 

40  8.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1,  in  welchem  die  ersten  und  zweiten 
Kettfaden  (16,  18)  einen  unrunden  Querschnitt  ha- 
ben. 

45  9.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1  ,  in  welchem  die  GrundschuBfaden  (14) 
einen  unrunden  Querschnitt  haben. 

10.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
so  Anspruch  1,  in  welchem  die  oberen  SchuBfaden 

(12)  einen  unrunden  Querschnitt  haben. 

11.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1,  in  welchem  die  ersten  und  zweiten 

55  Kettfaden  (1  6,  1  8)  und  die  oberen  SchuBfaden  (1  2) 
denselben  Durchmesser  haben. 

12.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
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Anspruch  1,  in  welchem  die  oberen  SchuBfaden 
(12),  die  GrundschuBfaden  (14),  die  ersten  Kettfa- 
den  (16)  und  die  zweiten  Kettfaden  (18)  Monofila- 
ment-Faden  sind. 

5 
13.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 

Anspruch  1,  in  welchem  die  oberen  SchuBfaden 
(12)  gefachte  Monofilamentfaden  sind. 

14.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach  10 
Anspruch  1  ,  in  welchem  die  GrundschuBfaden  (14) 
gefachte  Monofilamentfaden  sind. 

15.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1,  in  welchem  die  oberen  SchuBfaden  15  2. 
(12)  Multifilament-Faden  sind. 

16.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1  ,  in  welchem  die  GrundschuBfaden  (14) 
Multifilament-Faden  sind.  20 

17.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1,  in  welchem  die  oberen  SchuBfaden  3. 
(12),  die  GrundschuBfaden  (14),  die  ersten  Kettfa- 
den  (16)  und  die  zweiten  Kettfaden  (18)  hydrolyse-  25 
resistente  Polyester-Faden  sind. 

18.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1,  in  welchem  die  oberen  SchuBfaden 
(12),  die  GrundschuBfaden  (14),  die  ersten  Kettfa- 
den  (16)  und  die  zweiten  Kettfaden  (18)  Polyamid- 
Faden  sind. 

19.  Dreilagiges  Papierherstellungs-Gewebe  (10)  nach 
Anspruch  1  ,  in  welchem  die  GrundschuBfaden  (14) 
Polyamid-Faden  sind. 

Revendications 

1  .  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches, 
comprenant  : 

un  systeme  forme  de  fils  de  trame  superieurs 
(12)  et  un  systeme  forme  de  fils  de  trame  infe- 
rieurs  (14),  et 
un  systeme  de  fils  de  chaTne  (16,  18)  ayant  des 
paires  de  premiers  et  seconds  fils  de  chaTne, 
les  premiers  fils  de  chaTne  (16)  etant  tisses 
avec  les  fils  de  trame  superieurs  (12)  et  occa- 
sionnellement  liant  les  fils  de  trame  inferieurs 
(14)  aux  fils  de  trame  superieurs  (12)  avec  un 
motif  repetitif,  et  les  seconds  fils  de  chaTne  (18) 
etant  tisses  avec  les  fils  de  trame  superieurs 
(12)  par  disposition  entre  les  fils  de  trame  su- 
perieurs  (12)  et  les  fils  de  trame  inferieurs  (14) 
et  par  liaison  des  fils  de  trame  superieurs  (12) 
a  des  points  ou  les  premiers  fils  de  chaTne  (16) 

30 

35 

40 

45 

5. 
50 

55 

apparies  sont  tisses  aux  fils  de  trame  inferieurs 
(1  4),  les  seconds  fils  de  chaTne  (1  8)  n'etant  pas 
tisses  aux  fils  de  trame  inferieurs  (1  4),  et  les  fils 
de  trame  superieurs  (1  2)  et  les  premiers  et  se- 
conds  fils  de  chaTne  (16,  18)  formant  une  sur- 
face  superieure  de  I'etoffe  (10)  de  fabrication 
de  papier  a  trois  couches,  caracterisee  en  ce 
que  le  premier  fil  de  chaTne  (16)  de  chacune 
des  paires  de  premiers  et  seconds  fils  de  chaT- 
ne  (16,  18)  est  empile  verticalement  sur  le  se- 
cond  fil  de  chaTne  respectif  (18)  a  I'exception 
des  points  auxquels  les  seconds  fils  de  chaTne 
(18)  sont  lies  a  un  fil  de  trame  superieur  (12). 

Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1  ,  dans  laquelle  il  existe  deux 
fils  dans  le  systeme  de  fils  de  trame  superieurs  (12) 
par  fil  du  systeme  de  fils  de  trame  inferieurs  (1  4),  et 
les  fils  alternes  du  systeme  de  fils  de  trame  supe- 
rieurs  (12)  sont  empiles  verticalement  au-dessus 
des  fils  du  systeme  de  fils  de  trame  inferieurs  (14). 

Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  2,  dans  laquelle  les  premiers 
fils  de  chaTne  (16)  sont  tisses  avec  les  fils  de  trame 
superieurs  (12)  avec  un  motif  d'armure  toile,  et  les 
seconds  fils  de  chaTne  (18)  qui  leur  sont  associes 
sont  tisses  avec  les  fils  de  trame  superieurs  (12) 
avec  un  motif  d'armure  toile  a  des  points  auxquels 
les  premiers  fils  de  chaTne  (1  6)  sont  tisses  avec  les 
fils  de  trame  inferieurs  (14). 

Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  2,  dans  laquelle  les  premiers 
fils  de  chaTne  (1  6)  sont  tisses  au-dessus  et  au-des- 
sous  de  six  fils  de  trame  superieurs  consecutifs 
(12),  puis  sont  tisses  sous  le  fil  de  trame  inferieur 
suivant  (14)  avec  un  motif  repetitif  puis  sont  tisses 
sur  le  fil  de  trame  superieur  suivant  (12)  pour  la  re- 
petition  du  motif,  et  dans  laquelle  les  seconds  fils 
de  chaTne  (18)  sont  tisses  sous  sept  fils  de  trame 
superieurs  consecutifs  (1  2)  et  sur  le  fil  de  trame  su- 
perieur  suivant  (12)  avec  un  motif  repetitif,  les  se- 
conds  fils  de  chaTne  (18)  etant  tisses  sur  les  fils  de 
trame  superieurs  (12)  sautes  par  les  premiers  fils 
de  chaTne  (16)  lorsque  les  premiers  fils  de  chaTne 
(16)  sont  tisses  avec  un  fil  de  trame  inferieur  (14). 

Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  4,  dans  laquelle  les  premiers 
fils  de  chaTne  (16)  sont  tisses  sous  les  fils  de  trame 
superieurs  (12)  empiles  verticalement  au-dessus 
des  fils  de  trame  inferieurs  (1  4),  et  sur  les  fils  supe- 
rieurs  de  trame  (1  2)  qui  alternent  et  ne  sont  pas  em- 
piles  au-dessus  des  fils  de  trame  inferieurs  (14),  et 
dans  laquelle  les  seconds  fils  de  chaTne  (18)  sont 
tisses  sur  les  fils  de  trame  superieurs  qui  alternent 
(12)  qui  ne  sont  pas  empiles  au-dessus  des  fils  de 
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trame  inferieurs  (14). 

6.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  inferieurs  (14)  ont  un  diametre  superieur  a 
celui  des  fils  de  trame  superieurs  (1  2). 

7.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1  ,  dans  laquelle  les  premiers 
et  seconds  fils  de  chaTne  (16,  18)  ont  le  meme  dia- 
metre. 

8.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1  ,  dans  laquelle  les  premiers 
et  seconds  fils  de  chaTne  (16,  18)  ont  une  section 
non  circulaire. 

9.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  inferieurs  (14)  ont  une  section  non  circulaire. 

1  0.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  superieurs  (12)  ont  une  section  non  circulai- 
re. 

1  1  .  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1  ,  dans  laquelle  les  premiers 
et  seconds  fils  de  chaTne  (1  6,  1  8)  et  les  fils  de  trame 
superieurs  (12)  ont  le  meme  diametre. 

1  2.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  superieurs  (12),  les  fils  de  trame  inferieurs 
(14),  les  premiers  fils  de  chaTne  (1  6)  et  les  seconds 
fils  de  chaTne  (18)  sont  des  fils  monofilaments. 

1  3.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  superieurs  (1  2)  sont  des  fils  a  plusieurs  mo- 
nofilaments. 

1  4.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  inferieurs  (14)  sont  des  fils  formes  de  plu- 
sieurs  monofilaments. 

1  5.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  superieurs  (12)  sont  des  fils  multifilaments. 

1  6.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  inferieurs  (14)  sont  des  fils  multifilaments. 

1  7.  Etoffe  (1  0)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  superieurs  (12),  les  fils  de  trame  inferieurs 

(1  4),  les  premiers  fils  de  chaTne  (1  6)  et  les  seconds 
fils  de  chaTne  (18)  sont  des  fils  de  polyester  resis- 
tant  a  I'hydrolyse. 

5  18.  Etoffe  (10)  de  fabrication  de  papier  a  trois  couches 
selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  superieurs  (12),  les  fils  de  trame  inferieurs 
(1  4),  les  premiers  fils  de  chaTne  (1  6)  et  les  seconds 
fils  de  chaTne  (18)  sont  des  fils  polyamides. 

10 
19.  Etoffe  (10)  de  fabrication  de  papier  a  trois  couches 

selon  la  revendication  1,  dans  laquelle  les  fils  de 
trame  inferieurs  (14)  sont  des  fils  polyamides. 
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